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Synthesis
Synthesis of test-substrates and NOE-diff experiments
In the first instance, the spiro-epoxidations were tested on a model substrate, which was synthesized for this purpose as follows (Scheme 1). α-D-Methyl mannopyranoside was 4,6-silydene protected and subsequently regioselectively benzylated at position 3 using organotin chemistry, [1] affording compound S1. The remaining alcohol was oxidized under Swern conditions, yielding ketone S2. The transformation of ketones into their corresponding spiro-epoxides was performed using diazomethane [2] and the classical Corey-Chaykovsky epoxidation utilizing (un)stabilized sulphur methylides. [3] [4] [5] The ratio of equatorially/axially inserted methylene could be influenced by the choice of methylenating agent. Under optimized conditions, equatorial methylene insertion was favoured using diazomethane in cold ethanol, yielding axial methylene S3 and equatorial methylene S4 in a combined quantitative yield in approximately 1:2 ratio, respectively. In contrast, axial insertion was favoured by employing dimethylsulfoxonium methylide at elevated temperatures, giving rise to S3 and S4 in approximately 3:1 ratio, respectively. Ultimately, axial methylene insertion was highly favoured using dimethylsulfonium methylide, resulting in the formation of S3 and S4 in approximately 9:1 ratio in moderate yield. The configuration of S3 and S4 was determined by NMR-NOE experiments. According to DFT calculations (B3LYP/6-311g(d,p)SCRF=(PCM,solvent=Chloroform) on model compounds A and B (Scheme 2), the H1-H7a distance in S3 (model A) is 2.41 Å and 2.55 Å in S4 (model B). Correspondingly, irradiation of H7a in S3 resulted in a NOE-enhancement of 8.5%, whereas irradiation of H7a in S4 resulted in a reduced enhancement of 6.8% ( Figure 1 ). Since NOE-enhancement is correlated to the internuclear distance, [6] , [7] it was concluded that the compound having the strongest NOE enhancement was S3. To further validate this theory, spiro-epoxides S3 and S4 were reacted with sodium azide at elevated temperatures to afford the corresponding azido-alcohols S5 and S6, respectively. Indeed, when protons H7 were irradiated, a NOE enhancement was observed for H4 in S5, while it was absent in S6 (Figure 2 ), further proving the absolute configuration of spiro-epoxides S3 and S4.
By extrapolating of these results to spiro-epoxides 15 and 16, their absolute configuration was determined by 1D-NOEdiff measurements: upon irradiation of H7a, the signal for H1 was enhanced by 6.3% for 16g, whereas irradiation of H7a in 15g gave an enhancement of the H1 signal of 5.2% (Figure 3 ). Upon irradiation of H7a, the signal for H1 was enhanced by 7.4% for 16m, whereas irradiation of H7a in 15m gave an enhancement of the H1 signal of 6.0% (Figure 4 ). 
Compound S1
Methyl α-D-mannopyranoside (6.1 g, 31.4 mmol) was dissolved in dry DMF (250 mL) and cooled to -50°C. Then, t Bu2Si(OTf)2 (10.0 mL, 30.8 mmol, 0.98 EQ) and 2,6-lutidine (11.0 mL, 94 mmol) were added and the mixture was stirred for 30 minutes. Water (250 mL) was added and the mixture was extracted with EtOAc (3x 200 mL). The combined organic layers were washed with aq. 1M HCl (2x 100 mL), water (100 mL) and brine. The organic layer was dried over Na2SO4, filtrated and concentrated. The crude was coevaporated with toluene (3x) and dissolved in toluene (400 mL). Dibutyltin oxide (7.6 g, 30.5 mmol) was added and the mixture was refluxed overnight under argon. The mixture was cooled to room temperature, and tetrabutylammonium bromide (10.3 g, 32.0 mmol), cesium fluoride (4.7 g, 31.1 mmol) and benzyl bromide (3.8 mL, 31.7 mmol) were added. The mixture was refluxed for 3 h and subsequently quenched with aq. NaHCO3 (300 mL) and extracted with EtOAc (3x 200 mL).
The combined organic layers were washed with water, dried over Na2SO4, filtrated and concentrated. The crude product was purified by gradient column chromatography (pentane/EtOAc, 10:1 to 6:1) to afford the title compound as a colorless oil (10.9 g, 84%). 
Compound S2
Compound S1 (9.54 g, 22.47 mmol) was co-evaporated with toluene (3x), dissolved in dry DMSO (121 mL) and cooled to 10°C. Acetic anhydride (38 mL, 404 mmol) was added and the mixture was stirred overnight at room temperature. The mixture was quenched with sat. aq. NaHCO3 (400 mL) and water (500 mL) and stirred for 30 minutes. The mixture was extracted with Et2O (4x 200 mL) and the combined organic layers were washed with sat. aq. NaHCO3 (2x 200 mL), water (100 mL) and brine. The organic layer was dried over Na2SO4, filtrated and concentrated. The crude product was purified by gradient column chromatography (FIG. 3C) 
